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CHAPTER - I 
INTRODUCTION 
Pvirpose of S t u d y : 
The Bunde lkhand mass i f i s a c r e s c e n t shaped body 
d o m i n a n t l y composed of a c i d magmat ic r o c k s . I t l i e s i n 
t h e c e n t r a l p o r t i o n of t h e I n d i a n s h i e l d and o c c u p i e s an 
a r e a of a b o u t 2 6 , 0 0 0 s q . km. I t i s o v e r l a i n by t h e Bi jawar 
Group of metamorphosed s e d i m e n t s of Lower P r o t e r o z o i c age 
t o w a r d s t h e s o u t h and s o u t h e a s t and by t h e Vindhyan Group 
of Upper P r o t e r o z o i c s e d i m e n t s t o w a r d s t h e n o r t h w e s t ; t h e 
n o r t h e r n p o r t i o n i s c o v e r e d by In do-G em ge t i c a l l u v i u m 
( F i g . 1 ^ . The m a s s i f i s m a i n l y composed o f g r a n i t i c r o c k s . 
The age of t h e g r a n i t e s v a r i e s from 2200 t o 2600 Ma. 
Due t o t h e a p p a r e n t l a ck of c o m m e r c i a l m e t a l concen-
t r a t i o n , t h e mass i f h a s n o t a t t r a c t e d a t t e n t i o n of a l a r g e 
number of G e o s c i e n t i s t s . D e t a i l e d g e o l o g i c a l maps a r e no t 
a v a i l a b l e ; t h e i n f o r m a t i o n s a v a i l a b l e a r e g e n e r a l l y ske t chy 
o r i n c o m p l e t e . D e t a i l e d i n v e s t i g a t i o n s h a v e n o t been c a r r i e d 
o u t t o d i s c r i m i n a t e and d e l i n e a t e t h e g e n e t i c a l l y d i f f e r e n t 
t y p e s o f g r a n i t e in Bunde lkhand r e g i o n . The n a t u r e of t h e 
b a s e m e n t rock i n t o w h i c h t h e g r a n i t e s were i n t r u d e d or 
t h e t e c t o n i c s e t - u p o f t h e i n t r u s i o n s h a v e n o t been s t u d i e d 
i n d e t a i l . S i n c e t h e i n v e s t i g a t i o n s h a v e been m a i n l y l o c a -
l i s e d o r c u r s o r y , t h e p rob lem h a s r e m a i n e d e n i g m a t i c and 
c o n t r o v e r s i a l , 
Pig. 1 Geological map of Bundelkhand region (Basu,1986) 
Recent work (Rahman and Zainuddin, 1992; Zainuddin 
e t a l , 19 92) revea ls that the grani tes represen t c o l l i s i o n -
re l a t ed magmatism. The inference is based on the study 
of the g r a n i t i c rock in pa r t s of Hamirpur d i s t r i c t in the 
nor theas t e rn por t ion of the massif. 
The present work was carr ied out in p a r t s of La l i tpur 
d i s t r i c t which l i e s in the southwestern por t ion of the 
massif. Samples of the older ba sa l t i c rocks occuring as 
enclaves , were also co l lec ted with a view to understand 
the na ture of the e a r l i e r c rus t and to prcpose a comprehensive 
model of the t ec ton ic evolut ion of the massif. Samples 
of bas ic dykes in t ruding into the g ran i tes were col lec ted 
t o study the geotectonic environment a f t e r the emplacement 
of the g r a n i t e s . The study may help to understand the 
e r s twhi le t ec ton ic set-up of the region. An attempt has 
a l s o been made to decipher the r e l a t i onsh ip of the massif 
with the much debated Son-Narmada lineament which l i e s 
a t c lose proximity towards south of the massif. 
Geography of the area : 
The Bundelkhand massif i s encompassed approximately 
between l a t i t u t d e s 24°1 5' and 25°45'N and longitudes 
77°50' and 80°20'E. Rolling pla ins with numerous h i l locks 
and elongated r idges of quartz veins dominate the topography 
of the a r ea . The quartz vein ridges comprise the most 
spec tacular landmarks; they extend up to 1 00 km in length 
and r i s e about 175 m above the surrounding p la ins . The 
outcrop dens i ty i s low, l e s s than 20%. 
The c l imate is semi-ar id , the vegetat ion i s sparse 
and mostly xenophyric. The area i s t raversed by a number 
of streams/ Betwa, Jamini, Dhasan and Ken r i v e r s const i tute 
the major drainage systems. 
Access ib i l i ty : 
Most of the area is a c c e s s i b l e by motorable roads. 
The study area in and around Jakhaura in Lal i tpur d i s t r i c t 
i s connected with important towns l i k e , La l i tpur , Jhansi , 
Babina through metalled roads. Bus services from these 
towns to the area under study a re frequent. Several un-
metalled roads connect the metalled roads from nearby 
v i l l a g e s . Central Railway Main Line and National High 
way No. 26 pass through the .area. The nearest Railway 
s t a t i on i s Jakhaura, about 8 km from Jakhaura v i l l g e . 
Scope of the work : 
In the course of study a t o t a l area of about 20 0 
sq. km was geologica l ly mapped in d e t a i l on 1:20,000 scale . 
The area of study i s encompassed between l a t i t udes 24^45' 
and 25°N and longitudes 78°15' and 78°25'E. Survey of India 
quadrangle topographical shee t s , 54 L and 54 L (Firs t 
1 5 
Edition surveyed during 1971-72) were used as base maps. 
The f i e ld work was car r ied out during March, 19 91 and during 
Nov. - Dec . , 1991. 
The gran i tes are used as bui ld ing blocks. Many 
quarr ies in the area provide exce l l en t opportunity for 
c o l l e c t i n g fresh samples. Proper care was taken to co l lec t 
only the fresh samples. A few samples were col lected from 
the wells under cons t ruc t ion . The study cons is ted of geolo-
g ica l mapping, sampling of g r a n i t e s , p re - and pos t -grani te 
basic rocks, petrographic and geochemical study of these 
rocks . The in tegra ted data were used t o decipher the t e c -
tonic evolut ion of the massif. The t ec ton i c model may help 
in the explora t ion of a number of economic minerals since 
i t is genera l ly agreed tha t c e r t a i n group of minerals are 
assoc ia ted with a p a r t i c u l a r t ec ton ic environment. 
Previous work : 
Early workers (Misra, 1948) drew a t t e n t i o n to the 
p e t r o l o g i c a l d i v e r s i t i e s of g r a n i t e s . Misra and Sharma 
(1974), on the bases of modal analyses and major element 
geochemistry, observed that the re were large compositional 
v a r i a t i o n s within the g ran i t e s ; the two main types being 
K-rich and K-poor g r a n i t e s . Mathur (1954) and Saxena (1956) 
observed the presence of qua r t z i t e enclaves i n the granites 
and inferred that the qua r t z i t e s were g ran i t i zed . Misra 
and Sharma (1975) reported the occurrence of metasediments, 
q u a r t z i t e s , l imestones, syen i t e s , ca rbona t i t e s and kerato-
phyres in the Bundelkhand region . Jhingran (1958) 
dis t inguished ten types of grani te on the bases of grain 
s i z e , colour of fe ldspars and presence or absence of ferro-
magnesian minera l s . Saha (1979) observed t h a t the massif 
i s a composite body consis t ing of severa l g r a n i t i c and 
gne i s s i c phases of adamell i t ic-monzonit ic composition. 
Basu (1981) gave a br ief account of the petrochemistry 
of the massif; he concluded tha t the metabasi tes were o r i g i -
nal ly a d i f f e r e n t i a t e d igneous mass of d i o r i t i c composition 
but contained undi f ferent ia ted patches of basic rocks. 
The Bundelkhand massif is composed of a v a r i e t y of rocks 
which are in t ima te ly r e l a t ed (Sharma, 1982 & 1983). 
The p e t r o l o g i c a l evolution of the massif was studied 
by Saxena (1961); he correlated Bundelkhand gran i tes with 
Closepet g r a n i t e and further opined a metasomatic origin 
of the g ran i t e s in Bundelkhand region. Sharma (^ 1982 & 1983) 
suggested tha t movements along the t ec ton ic zone of Son-
Narmada lineament may have some important bearing on the 
evolut ion of the massif. Das et a l (^1 982j , on the basis 
of the pos i t i ve c o r r e l a t i o n of K_0 vs . Al_0^ in the Bundel-
khand g r a n i t e s , proposed an igneous o r i g i n of the g ran i t e s . 
Three main episodes of g r a n i t i c a c t i v i t y have been deci-
phered by Basu (1986); these are po rphyr i t i c coarse grained 
g r a n i t e , po«phyr i t ic medium grained g ran i t e and non-porphy-
r i t i c to sparsely porphyr i t ic medium to fine grained 
l eucogran i t e s . 
Sarkar e t a l (1969), by dat ing hornblende and b i o t i t e 
using K-Ar technique, suggested that g ran i t izat ion came 
to an end during 25 00 to 24 00 Ma. Crawford {^ 97 0) assigned 
the age of the massif as 25 00 Ma by Rb-Sr t o t a l rock dating 
method; whereas Sarkar et al (1984) reported whole rock 
Rb-Sr isochron age of 2359^53 to 2246i78 Ma for d i f f e ren t 
g r a n i t i c phases of the massif. 
F ie ld observations have revealed the occurrence 
of a number of gene t i ca l ly d i f fe ren t phases of g ran i t e 
within the massif. Four such g ran i t i c phases have been 
deciphered. No evidence favouring metasomatic or metamorphic 
o r i g i n of the massif have been observed. Field evidences 
support an igneous or ig in of the massif. The g ran i t e has 
been intruded by a number of quartz veins and basic dykes. 
CHAPTER - I I 
GEOLOGICAL SETTING 
The B u n d e l k h a n d m a s s i f i s an Archean s e g m e n t bounded 
by s t r u c t u r a l e l e m e n t s and forms a s e m i - c i r c u l a r o u t c r o p 
i n t h e c e n t r a l p o r t i o n of p e n i n s u l a r I n d i a . I t i s d e l i n e a t e d 
by t h e Son-Narmada l i n e a m e n t r u n n i n g n e a r l y e a s t - w e s t about 
2 4°N l a t i t u d e i n t h e s o u t h , by t h e G r e a t Boundary F a u l t 
i n t h e wes t and by t h e normal f a u l t s of t h e I n d o - G a n g e t i c 
t r o u g h i n t h e n o r t h . The g e o l o g y of t h i s r e g i o n i s complex 
b e c a u s e t h e m a s s i f r e p r e s e n t s a c h e c k e r e d h i s t o r y of e v o -
l u t i o n w i t h c o n t r a s t i n g p e t r o l o g i c a l u n i t s . The g r e a t e s t 
h i n d e r e n c e t o d e t a i l e d s t u d y comes from t h e low d e n s i t y 
o f t h e o u t c r o p s w h i c h a r e i s o l a t e d and a r e s e p a r a t e d by 
v a s t s o i l c o v e r e d a r e a s . The dominant p e t r o l o g i c a l e p i s o d e 
h a s been t h e s e r i e s of g r a n i t i c magmat ism which in a l l 
p r o b a b i l i t y h a s masked t h e e a r l i e r e v e n t s . I s o l a t e d o u t c r o p s 
which form t h e h i l l o c k s a r e o f t e n d i s i n t e g r a t e d a l o n g j o i n t 
p l a n e s t o p r o d u c e b l o c k s of d i m e n s i o n s of t e n s of m e t r e s . 
G e o l o g i s t s h a v e been work ing on t h e Bundelkhand 
m a s s i f s i n c e more t h a n a c e n t u r y ; d i f f e r e n t w o r k e r s have 
p r o p o s e d d i f f e r e n t s t r a t i g r a p h i c s e q u e n c e f o r t h e m a s s i f . 
P a s c o e (195 0; and C h a t t e r j i e t a l ( 1 9 7 i ; worked o u t t h e 
r e g i o n a l s t r a t i g r a p h y of t h i s r e g i o n a s f o l l o w s : 
Malwa Deccan Traps (Cretaceous-Eocene) 
Vindhyan Supergroup (1500-500 Ma) 
unconformity 
Bijawar and Gwalior Group (2400-2 300 ^4a) 
unconformity , 
Bundelkhand g r a n i t i c Complex (2600 Ma) 
Mahroni Formation (Archean) 
Detailed l i t hos t r a t i g r aphy proposed by Misra and Sharma 
(1975), Sharma (1982) and Basu (1986) i s presented in 
Table 1 . The ea r ly s tud ie s on the massif are devoted mainly 
t o s t ra t ig raphy and s t r u c t u r e of the a rea . Unti l recent ly 
s i gn i f i c an t attempt has not been made to decipher the t ec -
tonic evolut ion of the massif. The present study is an 
attempt t o determine the evolutionary h i s t o r y of the massif 
in r e l a t i o n to the p l a t e t ec ton ic s during the Archean. 
The study area l i e s in the soujthwestern par t of 
the massif in and around Jakhaura of Lal i tpur d i s t r i c t . 
On the bas i s of f i e ld r e l a t i o n s , four gene t i ca l ly d i f fe ren t 
types of g r a n i t e were deciphered and de l inea ted . The 
d i f fe ren t types of g r a n i t e have been termed according to 
t h e i r megascopic c h a r a c t e r i s t i c s . The age re la t ionsh ip 
of d i f f e ren t pe t ro log i ca l un i t s as inferred by f i e ld obser-
vat ions i s given below: 
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Basic Dykes (youngest) 
Quartz Veins (Reefs) 
Fine Grained Leucogranite (FLG) 
Coarse Grained Leucogranite (CLG) 
B i o t i t e Granite (BG) 
Hornblende Granite (HG) (.oldest) 
The geology of the area and the loca t ion of the samples 
are shown in F igs . 2 and 3 r e s p e c t i v e l y . 
Hornblende Granite (HG) : 
The o lde s t g r an i t i c phase in the area i s represented 
by a dark coloured hornblende - bear ing coarse grained 
rock, refer red to as hornblende g r a n i t e (.^G). The grani te 
i s very hard and compact, the gra in s ize i s uniform. The 
high concentra t ion of hornblende alongwith b i o t i t e imparts 
dark colour t o the rock, ferromagnesian minerals const i tu te 
about 20% by volume. Quartz i s appreciably l esse r in propor-
t i o n . 
The g ran i t e body occurs as rounded boulders , approxi-
mately 1 km west of Jakhaura along the Kherar Nala. Another 
important outcrop of th i s rock i s located about 4 km south-
west of Jakhaura along the road s ide between Jakhaura 
and Lagon. The g ran i t e outcrops r a r e l y form h i l locks , they 
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Pig. 2 Geological map of Bundelkhand massif in and around Jakliaura, 
La l i t pu r d i s t r i c t . 
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Pig, 3 Map shotTing l o c a t i o n of samples. 
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gran i t e is t raversed by veins of younger g r a n i t e s , which 
include b i o t i t e grani te and leucogran i tes . This re la t ionship 
i nd i ca t e s tha t the HG i s the oldest type of g ran i te in 
t h i s region. 
B i o t i t e Granite (BG) : 
The g ran i t e is a pink coloured coarse to medium 
grained rock. The main accessory mineral being b i o t i t e , 
the . g r an i t e has been termed as b i o t i t e g ran i t e CBG). The 
outcrops of t h i s g ran i te i s most extensive in the region. 
The important outcrops of the g ran i t e are located near 
Agar, Chitra and Barada Swami. Near v i l l a g e Ghisauli the 
g ran i t e forms continuous outcrop running up t o 5 km. The 
BG exh ib i t s f o l i a t i o n near v i l l age Jamora; the fo l ia t ion , 
however, disappears when the outcrop i s t raced for a long 
d i s t a n c e . I t i s evident that the f o l i a t i o n i s only locally 
developed. Ferromagnesian minerals have e longat ion of 1:5. 
B i o t i t e g ran i t e has been t raversed by th in veins of basic 
rocks ; these veins may probably be r e l a t e d with the basic 
dyke nearby. 
I so la ted small outcrops, about 10 'x20' in area, 
of white coloured mesocratic g ran i t e containing r e l a t i v e l y 
l a rge r por t ion of ferromagnesian minerals occur within 
the pink b i o t i t e g r an i t e . The pink b i o t i t e g ran i te and 
the white g ran i te exh ib i t s imi la r t e x t u r a l f ea tu res . No 
c l ea r cut age r e l a t i o n s of these two rocks are avai lable 
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in the f i e l d . However, on c lose observat ion, i t i s revealed 
t h a t the change in colour from pink to white i s gradat ional 
v e r t i c a l l y and hence i t i s concluded tha t v a r i a t i o n in 
colour i s only a s u r f i c i a l physical phencanenon having no 
genet ic s ign i f i cance . 
The b i o t i t e g ran i t e exhib i t s po rphyr i t i c t ex ture . 
The phenocrysts are mainly f e ld spa r s . The g r a n i t e contains 
xeno l i ths of me taba s i t e s . Although no xeno l i t h of HG is 
found in BG; there are veins of BG in the hornblende 
g r a n i t e . On the basis of t h i s observation i t may be inferred 
t h a t the b i o t i t e g ran i t e has intruded in to hornblende 
g r a n i t e . 
Coarse Grained Leucogranite (CLG) : 
The outcrops near v i l l a g e Kotra comprise of mainly 
a coarse grained l eucocra t i c g r an i t i c rock, named as coarse 
grained l eucogran i t e . The outcrop densi ty i s low in t h i s 
a rea . The small sca t te red outcrops of t h i s g ran i t e poses 
great d i f f i c u l t y in e s t ab l i sh ing any genet ic re la t ionsh ip 
of t h i s g r an i t e with o t h e r s . However, ve ins of CLG are 
found to have t raversed b i o t i t e g ran i t e ; t h i s indicates 
the CLG i s a younger phase than BG. 
The coarse grained l eucocra t i c g r a n i t e i s a non-
porphyr i t i c l eucogran i te . I t i s a greyish white to greyish 
pink rock. On deep weathering i t becomes reddish. The 
presence of veins of fine grained leucograni te in CLG 
suggests an older age of CLG. 
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Fine Grained Leucogranite (FLG) : 
The f ine grained leucograni te cons t i t u t e s the larger 
port ion of outcrops in the study a rea . Important occurr-
ences of t h i s g r an i t e are near Pipra, Chhipai, Raipur and 
Kanchanpura. I t i s a r e l a t i v e l y fine grained leucocrat ic 
grani te with very minor amount of ferromagnesian cons t i -
tuen t s . Dykes of t h i s rock are found to be in t rus ive into 
older b i o t i t e g r an i t e and CLG near mile stone 12 of the 
road jo in ing Bansi and Jakhaura. The FLG appears to be 
the youngest g r a n i t i c phase and marks the culmination of 
major g r a n i t i c episode in the region. The rock i s massive 
and p o r p h y r i t i c . The contact of FLG and CLG near v i l l age 
Panchwara has been observed to be very sharp showing no 
evidence of r e ac t i ons of FLG l iquid with the host rock. 
This may suggest very low temperature of FLG magma a t the 
time of i n t r u s i o n . 
Other magmatic phases : 
Quartz Veins : The Bundelkhand g ran i t e massif i s 
t raversed by a number of quartz ve ins , popularly known 
as quartz r e e f s . The general trend of the veins i s NE-SW. 
Quartz c o n s t i t u t e s the sole mineral of most of the quartz 
ve ins . At p l a c e s , d isseninated minera l i sa t ion of pyr i te 
and hematite a re observed. No sedimentary s t ruc ture is 
present in the ve ins . There are innumerable instances of 
b i furcat ion of the ve ins . From these observations a 
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sedimentary parentage of the veins may be discarded; i t 
i s evident tha t the veins represent an i n t r u s i v e event. 
Basic Dykes : The Bundelkhand massif has been in t ru -
ded by a number of basic dykes which unlike quartz veins 
occur as discontinuous bodies probably following en echelon 
f r ac tu res . Majority of the basic dykes trend NW-SE and 
cut across NE-SW trending quartz v e i n s . The basic dykes 
represent the culmination of major tectonomagmatic event 
in th i s region. 
Porphyr i t ic Rhyoli te : A po rphy r i t i c rhyol i te body 
occurs on the l e f t bank of Kherar Nala approximately 1/2 
km east of Jakhaura v i l l a g e . The r h y o l i t e exh ib i t s specta-
cular growth of quar tz and feldspar phenocrys ts . The phe-
nocrysts vary in s i ze from 1-2 cm to 2-3 cm. Feldspar 
phenocrysts have c l ea r rims; some phenocrysts are rounded, 
whereas o thers are pe r fec t ly euhedral . Some feldspar pheno-
c rys t s have a core of piire fe ldspars mantled by a layer 
of graphic feldspar intergrown with q u a r t z . Phenocrysts 
of quartz a re smaller and general ly a r e 1 cm across or 
l e s s . Groundmass c o n s t i t u t e s about 50% by volume. 
The po rphy r i t i c rhyo l i t e i s an i s o l a t e d body with 
i t s surroundings covered by th ick s o i l making i t very 
d i f f i c u l t to e s t a b l i s h any age r e l a t i o n s h i p with other 
magmatic phases in t h i s region. 
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CHAPTER - I I I 
PETROLOGY OF THE ROCK TYPES 
The B u n d e l k h a n d g r a n i t e s a r e composed e s s e n t i a l l y 
of q u a r t z , p l a g i o c l a s e , o r t h o c l a s e , m i c r o c l i n e and b i o t i t e . 
Hornblend-e i s p r e - s e n t o n l y i n t h e two o l d e r v a r i e t i e s - i . e . 
h o r n b l e n d e g r a n i t e and a s t r a c e s i n b i o t i t e g r a n i t e . 
A p a t i t e , z i r c o n , sphene and m a g n e t i t e a r e common a c c e s -
s o r i e s . M a g n e t i t e o c c u r s g e n e r a l l y i n a s s o c i a t i o n wi th 
h o r n b l e n d e and b i o t i t e . The s e c o n d a r y m i n e r a l s a r e r e p r e s e n -
t e d by c h l o r i t e , e p i d o t e and s e r i c i t e . 
P e t r o g r a p h i c s t u d y of t h e d i f f e r e n t t y p e s of g r a n i t e 
was c a r r i e d o u t i n d e t a i l . T h i r t y - f o u r t h i n s e c t i o n s of 
g r a n i t e s were s e l e c t e d t o d e t e r m i n e moda l c o m p o s i t i o n . 
For t h i s , t h e t h i n s e c t i o n s were s t a i n e d f o r K - f e l d s p a r s 
u s i n g t h e method of B a i l y and S t e v e n s (1 960) . The t h i n 
s e c t i o n s were e t c h e d by h y d r o f l u o r i c a c i d v a p o u r and then 
d i p p e d i n t o f r e s h l y p r e p a r e d s a t u r a t e d s o l u t i o n of sodium 
c o b a l t i n i t r i t e . C o n s e q u e n t l y K - f e l d s p a r s s t a i n e d ye l low 
making i t e a s y t o d i s t i n g u i s h them from u n t w i n n e d p l a g i o -
c l a s e s . P o i n t c o u n t method a s s u g g e s t e d by Chayes (.195 6^ 
was employed t o e s t i m a t e modal c o m p o s i t i o n of t h e g r a n i t e s . 
The number of p o i n t s c o u n t e d f o r modal a n a l y s i s v a r i e s 
from 1150 and 1550 d e p e n d i n g on t h e t e x t u r e of t h e r o c k . 
The d i f f e r e n t t y p e s of g r a n i t e g e n e r a l l y have s i m i l a r 
19 
mineralogy; however, the difference in r e l a t i v e proportion 
of various phases i s observed. The modal composition of 
the g r a n i t e s are presented in Table 2. The older hornblende 
g ran i te and b i o t i t e g ran i t e have higher 
modal proport ion of ferromagnesian minerals and p lagio-
c l a se s . In the younger leucograni tes , ferromagnesian cons-
t i t u e n t s are n e g l i g i b l e ; hornblende is t o t a l l y absent , 
whereas b i o t i t e i s r a r e or occurs as t r a c e s . The content 
of K-feldspar and quar tz concomitantly increases in leuco-
grani te s . 
The modal values of quar tz , a l k a l i feldspar and 
p lagioc lase were p lo t t ed on the lUGS (modal) c l a s s i f i c a t i o n 
scheme (Fig. 4) of St reckeisen (1976). The grani tes plot 
over a large composit ional spectrum from quartz d i o r i t e 
through quartz monzodiori t e , g ranod ior i t e , adamel l i te , 
g ran i te and a l k a l i - f e l d s p a r g ran i te f i e l d s . The hornblende 
g ran i t e s are r e s t r i c t e d in quartz d i o r i t e to quartz monzo-
d i o r i te f i e l d s , whereas b i o t i t e grani tes and leucograni tes 
are concentrated within g ran i t e f i e ld . The grani tes define 
a ca l c - a lka l i ne g r a n o d i o r i t i c (medium-K^ trend (Fig. 4) . 
Petrographic Description of the Rock Types : 
Hornblende Granite (HG) : 
I t i s a dark coloured medium grained rock having 
a hy pi diom Orphic textiare. The rock contains 15% modal 
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TibU 2. Hodal Coipositions of the BundeUhand Granites 
Hornblende Granite Biotite Granite 




















































































































Pig. 4 The lUGS (modal) classification (Streckeisen, 
1976) of Bundelkhand granites, fields : 1, alkali-felds-
par granite; 2, adamellite; 3, granite; 4, granodiorite; 
5, quartz diorite; 6, quartz monzonite. Arrows : a, calc-
alkaline-trondhjeraite (lowK); "b, calc-alkaline-granodio-
rite (medium K ); c, calc-alkaline-monzonite (high K); 
d, alkaline; Th, tholeiite trend (Lameyre and Bowden, 
1982), Symbols : solid triangle, hornblende granite; 
solid circle, biotite granite; open circle, coarse grained 
leucogranite; cross, fine grained leucogranite. 
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hornblende which is often associa ted with b i o t i t e and 
magnet i te . Well formed euhedral hornblendes are often part ly 
or fu l ly enclosed within b i o t i t e suggesting an e a r l i e r 
c r y s t a l l i z a t i o n of hornblende than b i o t i t e . The composite 
grain aggregate of p l ag ioc l a se , b i o t i t e and hornblende 
imparts a dark colour to the rock. P lagioc lase , subhedral 
to euhedral in shape, i s the dominant phase cons t i tu t ing 
about 65% of the rock. The p lg ioc lase c r y s t a l s are commonly 
normally zoned; the ca lc ic core i s a l t e r ed to s e r i c i t e 
in varying degrees, the secondary epidote is sometimes 
seen in the core . The a l t e r e d core i s mantled by unaltered 
sodic p.lagioclase. P lagioc lases a re sodic in composition 
ranging from An^- to An^  _. Quartz makes up only 11% of 
the rock on average. I t occurs both as d i s c r e t e and as 
i n t e r s t i t i a l g r a in s . Intergrowth of quar tz with K-feldspar 
i s a lso observed. B i o t i t e i s euhedral to subhedral and 
occurs in assoc ia t ion with hornblende in most cases . Bio t i te 
cons t i t u t e s about 7% of the rock. Qi lo r i t e occurs as a 
common a l t e r a t i o n product of b i o t i t e . I d i o b l a s t i c sphene 
(Fig. 5) and magnetite are enclosed within K-feldspar 
minerals indica t ing the p r e c i p i t a t i o n of these minerals 
before the K-feldspar phases from the mel t . 
B io t i t e Granite (EG) : 
The b i o t i t e g ran i t e i s a medium grained porphyri t ic 
rock having large phenocrysts of K-feldspar, ranging in 
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Pig. 5 Pliotomicrograph showing sphene (S) 
enclosed in K-feldspar. Crossed nicols, lOOz. 
Pig. 6 Photomicrograph showing perthetic K-felds-
il?dPS!g§5^rioil.P^^^^*^'^-f K-feldspar). Cro-
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s i z e from 1.12 t o 4 .00 mm in l e n g t h . K - f e l d s p a r s , g e n e r a l l y 
p e r t h e t i c ( F i g 6 ) , c o n s t i t u t e a b o u t 21% of t h e r o c k . The 
p a t t e r n of i n t e r g r o w t h of p e r t h i t e i n d i c a t e s an e x s o l u t i o n 
o r i g i n of t h e p e r t h i t e s . Th is i n t u r n may s u g g e s t h y p e r s o l -
vous c r y s t a l l i z a t i o n of t h e K - f e l d s p a r s . B i o t i t e i s c h a r a c -
t e r i s t i c a l l y p l e o c h r o i c from d a r k brown t o v e r y p a l e brown. 
I t c o n s t i t u t e s a b o u t 12% of t h e r o c k . A p a t i t e and z i r c o n 
occu r a s e u h e d r a l t o s u b h e d r a l i n c l u s i o n s i n b i o t i t e i n d i c a -
t i n g p r e - b i o t i t e c r y s t a l l i z a t i o n of t h e s e a c c e s s o r y phases 
( F i g . 7 ) . B i o t i t e shows o c c a s i o n a l b e n d i n g ( F i g . 8) which 
may h a v e r e s u l t e d as a c o n s e q u e n c e of p o s t - c r y s t a l l i z a t i o n 
d e f o r m a t i o n . S e c o n d a r y s e r i c i t e i n p l a g i o c l a s e i s sometimes 
accompained by e p i d o t e . The a v e r a g e modal c o n c e n t r a t i o n 
of p l a g i o c l a s e i s 34%. I t o c c u r s as i n c l u s i o n s i n K - f e l -
d s p r s , a s s t r i n g e r s i n p e r t h i t e and a s i n d i v i d u a l g r a i n s . 
The p l a g i o c l a s e l a m e l l a e a r e o c c a s i o n a l l y b e n t or broken 
( F i g . 9) i n d i c a t i n g t e c t o n i c d e f o r m a t i o n of t h e g r a i n . 
The A n - c o n t e n t of p l a g i o c l a s e s v a r i e s from An. ^ to An. „. 
I U 1 o 
Q u a r t z c o n s t i t u t e s 21 t o 31% of t h e r o c k . I t o c c u r s as 
i n c l u s i o n s i n K - f e l d s p a r s and a l s o a s i n t e r s t i t i a l g r a i n s . 
C o a r s e G r a i n e d L e u c o g r a n i t e (CTJG) : 
I t i s a c o a r s e g r a i n e d rock c o m p r i s i n g d o m i n a n t l y 
of K - f e l d s p a r which c o n s t i t u t e s a b o u t 38% of t h e r o c k . 
K - f e l d s p a r i s m o s t l y p e r t h e t i c . The p e r t h i t e s appea r t o 
be of e x s o l u t i o n o r i g i n ; t h e r e i s no f e a t u r e which may 
i n d i c a t e a r e p l a c e m e n t o r i g i n of t h e p e r t h i t e ( .F ig . lO) . 
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Pig. 7 Apatite (A) inclusion in biotite, 
Crossed nicols, lOOx. 
Fig. 8 Plastic deformation (banding) of biotite(B) 
Crossed nicols,lOOx. 
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Pie. 9 Bending and micro-faulting &£ -plagioclase 
'^ P) lamellae. Crossed nicols, lOfx. 
Pig, 10 K-feldSpar showing perthetic intergrowth. 
Grossed nicols, lOOx. 
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Plagioclases c o n s t i t u t e 19 to 30% by volume; they occur 
mainly as subhedral to anhedral c ry s t a l s and exhib i t var ia-
ble degrees of a l t e r a t i o n . The calcic core is normally 
a l t e red to s e r i c i t e and occasionally to epidote . Plagio-
c lases have an average An-content of An._. Myrmekite is 
a minor phase occuring within p lag ioc iase near the margin 
of adjacent K-feldspars with concavity towards the K-feld-
spars (Fig. 11) . Quartz c o n s t i t u t e s about 39% of the rock 
and occurs as ind iv idua l anhedral c rys t a l s and also as 
graphic intergrowth (Fig. 12) with K-feldspars indicat ing 
simultaneous c r y s t a l l i z a t i o n . 
Fine Grained Leucogranite (FLG) : 
I t is a medium to f ine grained g ran i t e with a por-
p h y r i t i c t ex tu re ; phenocrysts of K-feldspar vary from 1,1 
t o 3.4 mm in diameter . Mesoperthi t i c intergrowth is common 
in K-feldspars (Fig. 13). Michot (1961) has ascribed meso-
p e r t h i t e to exso lu t ion resu l ted from an o r ig ina l l y homoge-
neous phase. The p l ag ioc i a se phenocrysts are up to 
4.0 0 mm in length and have inclus ions of quartz (Fig. 14). 
Two generat ions of p l ag ioc ia se have been observed; the 
f i r s t generat ion p lag ioc iase is enclosed within l a t e r crys-
t a l l i z e d p lag ioc iase (Fig. 15). Plagiociase c rys t a l s are 
r e l a t i v e l y fresh and are more sodic than those in the other 
types of g r a n i t e . They are less a l te red than in the other 
types of g r a n i t e . P o s t - c r y s t a l l i z a t i o n deformation of 
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Pig. 11 J,![yrmekitised plagioclase (M-P). Crossed 
nicols, lOOx. 
Pig. 12 Graphic quartz (Q) intergrovra with K-
feldspar (K-f). Crossed nicols, lOOz. 
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Fig, 13 Mesoperthite intergrowth in K-feldspar. 
Crossed nicols, lOOx. 
Pig, 14 Inclusion of quartz 
(P). Crossed nicols, lOOx. 
(Q) in plagioclase 
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Pig. 15 Two generations of plagioclases (PI & P2 ) 
Grossed niools, lOOx. 
Pig. 16 Quartz vein (Q) in Dlagioclase (P) 
Grossed nicols, lOOx. 
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plag ioc lase i s evident from the microfracture which has 
displaced the p lagioc lase lamellae (Fig. 16) ; the fracture 
i s f i l l e d by l a t e r formed or remobilised quar tz . Quartz 
c o n s t i t u t e s 39% of the rock and occurs as graphic i n t e r -
growth with f e ldspa r s , as i n t e r s t i t i a l g ra ins and as i nd i -
v idual anhedral c r y s t a l s . 
Xenoliths. and Basic Dykes : 
Under microscope, the xenol i ths and the basic dykes 
exh ib i t uniform t ex tu ra l c h a r a c t e r i s t i c s , mostly having 
an o p h i t i c r e l a t ionsh ip between augi te and p lagioc lase . 
Augite a lso occurs as small subhedral to anhedral c rys t -
a l s . Occasionally, amphibole i s observed to have mantled 
a u g i t e . 
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CHAPTER - IV 
GEOCHEMISTRY 
A n a l y t i c a l Methods : 
F r e s h s a m p l e s r e p r e s e n t i n g d i f f e r e n t t y p e s of r o c k 
m e a s u r i n g a b o u t 3 " x 5 " were c o l l e c t e d from t h e o u t c r o p s . 
Most of t h e s a m p l e s were c o l l e c t e d from e x p o s e d s u r f a c e s 
b a r r i n g a few which were c o l l e c t e d from t h e w e l l s unde r 
c o n s t r u c t i o n . The s a m p l e s i n c l u d e v a r i o u s t y p e s of g r a n i -
t o i d , b a s i c x e n o l i t h s i n g r a n i t o i d s and b a s i c dykes which 
h a v e i n t r u d e d i n t o t h e g r a n i t e m a s s i f . Twenty s a m p l e s which 
were l e a s t a l t e r e d were s e l e c t e d f o r g e o c h e m i c a l a n a l y s e s . 
Out of t h e s e t w e n t y s a m p l e s , f i f t e e n r e p r e s e n t d i f f e r e n t 
t y p e s o f g r a n i t e and t h e r e s t a r e b a s i c x e n o l i t h s . 
The s a m p l e s were c r u s h e d and p u l v e r i z e d t o - 200 
mesh ( 7 5 > i m ) u s i n g t u n g s t e n m o r t a r . Whole rock major and 
t r a c e e l e m e n t a n a l y s e s were c a r r i e d o u t a t Wadia I n s t i t u t e 
of Himalayan Geo logy , Dehra Dun. A l l major e l e m e n t s and 
a number of t r a c e e l e m e n t s were d e t e r m i n e d on p r e s s e d pov/der 
p e l l e t s by e n e r g y - d i s p e r s i v e X- ray f l u o r e s c e n c e {ED XRF) 
t e c h n i q u e (EDAX EXAM SIX PHILIPS PV 9 1 0 0 ) . The a n a l y t i c a l 
p r e c i s i o n i s b e t t e r t h a n 1% f o r mos t ma jo r e l e m e n t s e x c e p t 
K2O and Na20 and b e t t e r t h a n 5% f o r t r a c e e l e m e n t s and 
K^O and. Na20. S t a n d a r d rock s a m p l e s CRPG : GA, GH GSN 
MA-N; "USGS : G2 , GSP-1 , RGM-1 , AGV-1; GSJ : JG2, J G 1 - a , 
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JA2; IGGE : GSRl , GSR2 were used as r e f e r e n c e fo r c a l i b r a -
t i o n curves for g r a n i t i c rocks and s t a n d a r d s CRPG : BR, 
BE-N; USGS : BHVO-1 , BIR-1 , MRG-1 , tCCRMP), W-2, UB-N, 
PCC-1 , AGV-1, GSP-1 / GSJ : JBI -a , J P - 1 , JA-2; IGGE : GSRS, 
GSR2 were used as r e f e r e n c e for b a s i c r o c k s . 
Accuracy was r .oni tored u s i n g s t a n d a r d s G3^J, 
BHVO-1, STM-1, RGM-1 , SCO-1 , SDC, DRN, BR, AGV-1, GSP-1, 
G2, W2 and MA-N of USGS and CRPG. The average d e v i a t i o n s 
for major e lements l i e s between 0.01 and 0.33% and for 
t r a c e e l e m e n t s i t i s ± 2-10 ppm. 
Major and T race e lement Sys tema t i c s : 
Whole rock major and t r a c e e lement abundances and 
CIPW norms of r e s p r e s e n t a t i v e samples a r e p r e s e n t e d in 
Tables 3 and 4 r e s p e c t i v e l y . I t i s e v i d e n t from B a r k e r ' s 
v a r i a t i o n diagreim ( F i g s . 17a & 17b) t h a t w i th i nc rea s ing 
SiO^ c o n t e n t of g r a n i t e s , c o n c e n t r a t i o n s of TiO_, Fe_O^CT), 
MgO, CaO, MnO and P^O^ d e c r e a s e , whereas Na20 and R.0 
c o n t e n t s i n c r e a s e . AI2O2 i s approx ima te ly c o n s t a n t or 
s l i g h t l y d e c r e a s e s wi th i n c r e a s e in S iO- . These rocks show 
s t e e p n e g a t i v e c o r r e l a t i o n of MgO, CaO, MnO and Fe-O^CT) 
v s . S iO- . Trends of a l l major e lements except TiO-. and 
^ 2 
^2^5 ®^h i^ i t l i n e a r i t y a g a i n s t S i02 . The s c a t t e r i n g of 
P2O5 and Ti02 may r e s u l t from he t e rogeneods accumulat ion 
of a c c e s s o r y phases l i k e sphene, a p a t i t e and z i r con which 
may have i n c o r p o r a t e d t h e s e e l e m e n t s . Al l t h e s e t rends 
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?iS. 17a Harker's variation diagram for major elements. 
Symblos : solid triangle, hornblende granite; solid ci: 
cle, biotite granite; open circle, coarse grained leu-



















































5 0 60 7 0 8 0 
* A 
2i l9^Q_. 
5 0 60 7 0 8 0 
J _ o o 
50 60 
S i O j C / . ) 
70 8 0 
J?±g, 17b Harker ' s v a r i a t i o n diagram fo r major elesients. 
Symblos as in P ig . 17a. 
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are consis tent with the process of d i f f e r e n t i a t i o n in the 
evolution of the g r a n i t e s . 
The t r a c e elements of Bundelkhand gran i te display 
a complex d i s t r i b u t i o n pa t t e rn with Si02 (Fig. 18a & 18b). 
A wide s c a t t e r i n g i s observed for a l l the t race elements 
except for Ga which shows f l a t p a t t e r n with increasing 
SiO-. In Fig. 18, t r a ce elements do not show continuous 
and smooth v a r i a t i o n as expected for f r ac t iona l c r y s t a l l i -
za t ion. Sca t te r ing of t r ace elements which i s very common 
in many g ran i to id s u i t e s have been a t t r i b u t e d to f r ac t i o -
nation or heterogeneous accumulation of some major accessory 
minerals which may be r i ch in a number of t r ace elements 
(Arth, 1976; Pearce and Norry, 1979; Sawka, 1988). Zircon 
may play an important ro l e to produce unusual t race element 
d i s t r i b u t i o n . F ig . 18a shows an enrichment in Rb and deple-
t ion in Sr with increase in SiO_. These features are , 
however, c h a r a c t e r i s t i c s of f r ac t iona l c r y s t a l l i z a t i o n 
of magma. 
The r e l a t i v e enrichment of Rb with respect to Sr 
(Fig. 19) may suggest magmatic evolut ion by d i f f e ren t i a t ion . 
Increase in Rb and concomitant decrease in Sr with differen-
t i a t i o n make a pos i t i ve l i n e a r i t y with Rb/Sr vs . SiO_ 
(Fig. 20). A negat ive l inear a r ray , s imi l a r ly , can be 
expected for K/Rb vs . SiO- which i s not very c lea r ly defined 
in Fig. 20. This unusual behaviour can r e s u l t from assimila-
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Fig. 18a Harker's var ia t ion diagram for trace elements, 
Syrablos : sol id t r i ang le , hornblende g ran i t e ; solid 
c i r c l e , b i o t i t e grani te ; open c i r c l e , coarse grained 
leucogranite; cross, fine grained leucograni te . 
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?ig. ISTD Harker's var ia t ion diagram for trace elements. 
Symbols as in J ig . 18a. 














Pig. 19 Rb-Sr plots of Bundelkhand granites. 
Symbols : solid triangle, hornblende granite; 
solid circle, biotite granite; open circle, 
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Pig, 20 K/Rb and Rb/Sr plots against SiOp to show 
differentiation trends. Symblos as in Pig. 19. 
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in the magma. 
Geochemical C la s s i f i ca t ion of Grani tes : 
The Bundelkhand g ran i t e s vary g r e a t l y in modal pro-
por t ion of minerals ; the mineral composition is,however, 
general ly s imi la r . The large v a r i a t i o n in proportion of 
quar tz , hornblende and fe ldspa r s leads to an expanded com-
p o s i t i o n a l spectrum. In the Na20-K20-CaO ternary diagram-, 
the g r a n i t o i d s range in composition from t o n a l i t e , granodi-
o r i t e , quartz monzonite to g r a n i t e (Fig. 21). Similar 
r e s u t l s are exhibited on the An-Ab-Or normative c l a s s i f i -
ca t ion scheme (Fig. 22) where the samples plot within 
t o n a l i t e , granodior i te and g r a n i t e f i e l d s . In the "nomen-
c l a tu re" or "Q (Si/3 - (K+Na+2Ca/3) ) - P (K- (Na+Ca))" 
diagram, the Bundelkhand g r a n i t e s reveal a compositional 
range occupying the f ie lds of a d a m e l l i t e , quartz d i o r i t e , 
g ranod io r i t e , quartz monzodiori te , monzodiorite and crjartz 
monzonite (Fig. 23). Hornblende g ran i t e s p lo t in monzodio-
r i t e , quar tz monzodiorite and quartz d i o r i t e f i e l d s , whereas 
b i o t i t e g ran i tes plot in g r a n o d i o r i t e , quartz monzonita 
and quartz monzodiorite f i e l d s . Leucogranites are confined 
t o g r a n i t e , adamelli te and g ranod io r i t e f i e l d s . The "Q-
P" diagram d i s t ingu ishes the d i f f e r e n t subtypes of the 
cafemic to aluminocaf emic a s soc i a t i ons (Fig. 29). All the 
types of Bundelkhand g ran i t e correspond to ca lc -a lka l ine 









Pig. 21 NapO-KpO-CaO ternary plot to show the spread of the Bun-
delkhand granites. Symbols : solid triangle, hornblende granite; 
solid circle, biotite granite; open circle, coarse grained leu-
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- 2 5 0 - 2 0 0 
Plagioclases Foid rocks fe ldspar 
Pis 23 "Q-P" diagram (La Roche,1964- & 1966 ; modified by 
Debon and Le Port,1983). The two parameters are in milli-
cations. Each division of the grid corresponds to a rock 
type : ad, adamellite; dq, quartz diorite; gd, granodio-
rite; mzdq, quartz monzodiorite; gr, granite; mzgo, mon-
zodiorite; mzq, quartz monzonite. Trends : THOL, tholeii-
te; CALK, calc-alkaline; SALKD S: SALKL, dark and light 
coloured subalkaline respectively; ALKS & ALKOS, dark co-
loured alkaline saturated and light coloured alkaline ov-
ersaturated respectively; GT, granite-trondhjemite. 
Symbols as in Pig. 21. 
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The d i f f e r en t kinds of g ran i t e represent a var ie ty 
of processes including c r y s t a l , l iqu id and gaseous d i f fe r -
e n t i a t i o n in s i l i c a t e melts derived by p a r t i a l meling of 
e i t he r c r u s t a l mater ia l or mantle. Consequently, s ign i f i can t 
differences are observed in the mode and chemical compo-
s i t i o n . Chappell and White (_1974) and Hine e t al (1978J 
u t i l i z e d a range of geochemical parameters to prec ise ly 
c l a s s i f y gran i tes mainly in to two types : I - t ype , igneous 
source, derived from lower c rus t and S-type, derived from 
sedimentary soruces. Lo i se l l e and Wones 0 979) expanded 
t h i s c l a s s i f i c a t i o n by adopting one more type : A-type 
to include anorogenic a l k a l i g r a n i t e s . A de ta i led account 
of geochemical c h a r a c t e r i s t i c s and geological environments 
of the I - , S-, M- and A- type has been given by Pitcher 
(1982); M-type includes p lag iogran i t e s derived from mantle 
ma te r i a l . Castro e t a l (1991) proposed a revis ion of the 
g ran i t e - type c l a s s i f i c a t i o n and introduced H (hybrid)-
type to include most of the I- and S- type grani tes of 
Chappell and White (.'•974). The H-type has been t en t a t i ve ly 
introduced to demonstrate a magma mixing o r ig in of gran i tes 
from f i e l d , pet rographic and chemical evidence. 
Bundelkhand g ran i t e s c lose ly resemble the I-type 
g ran i t e s of Aus t ra l ia and magnetite and i lmenite ser ies 
of Japan. The p lo t of CaO vs . Si02 (Fig. 17b) shows smooth 
negative l i n e a r i t y with Si02. This l i n e a r array i s charac-
t e r i s t i c of I - type g ran i t e s worldover (Czamanske et a l ,1981) , 
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From Fig . 24 showing A/CNK vs . Si02, i t i s revealed 
t h a t the g ran i tes range in composition from metaluminous 
to weakly peraluminous; t h i s fea ture i s an important charac-
t e r i s t i c of I- type g r a n i t e s . The I - type cha rac t e r i s t i c s 
are evident from Fig . 25 which is based on l a rge , highly 
charged ca t ions e.g. Zr, Nb and Y and especia l ly Ga. 
Absence of muscovite, A/CNK 4.1 .1 , CIPW normative diopside 
and /C1% CIPW normative corundum d i s t i n c t l y reveal the 
I- type c h a r a c t e r i s t i c s of the g r a n i t e s . 
Nature of Granites and the Xenoliths : 
Nature of g r a n i t i c magma and the l iqu id that formed 
the basic rocks occuring as xeno l i ths i s revealed by the i r 
p lo t s on AFM diagram (Fig. 26). The g r a n i t e s as well as 
the xenol i ths plot within the c a l c - a l k a l i n e f i e ld . Since 
AFM diagram cannot d i s t i n c t l y d i sc r imina te the f ields at 
the A (a lka l i ) pole , samples were p l o t t e d in the ternary 
diagram of Jensen (^ 1976) based on the ca t ion per cent of 
Al, Fe+Ti and Mg (,Fig. 27). The g r a n i t e s and the basic 
xenol i ths plot within the c a l c - a l k a l i n e f i e ld in th is 
diagram. The ca l c - a lka l i ne trend of the gran i tes i s also 
exhibi ted on the K-Na-Ca diagram (Fig. 28) of Barker and 
Arth (^ 1976) and on the QAP diagram (Fig .4) where the gr-
a n i t e s p lo t along the c a l c - a l k a l i n e g r a n o d i o r i t i c (medium-
K) t rend. 
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( b ) 
?ig. 25 Plots of Bundelkhand granites to illustrate I-tjrpe 
chemistry (Kleeman and T'.vist, 1989). Symbols as in ?ig. 24. 
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Pig. 26 A?M diagram (fields after Kuiio,1968). Symbols : 
solid triangle, hornblende granite: solid circle, bio-
tite granite; open circle, coarse grained leucogranite; 
cross, fine grained leucogranite; open triangle, xenolith. 
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Pig. 27 Cation per cent Al-(Fe +Ti)-Ivlg plot (after Jensen, 1976). 





Pig. 28 K-Wa-Ca diagram for Bundelkhand granites. Trends : tr, tro-
ndhjemite; ca, calc-alkaline (Barker and Arth, 1976). Symbols : 
solid triangle, hornblende granite; solid circle, biotite granite; 
open circle, coarse grained leucogranite; cross, fine grained 
leucogranite. 
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The g r a n i t e s , having molar r a t i o s Al_0, / (CaO+NapO+K20^ 
i . e . A/CNK r a t i o s between 0.24 and 1.19, correspond to 
metal uminous to s l i g h t l y pera luminous in composition 
(Fig. 24). On the " c h a r a c t e r i s t i c minerals" or "A C Al-
(^ K+Na+2Ca)) - B (Fe+Mg+Ti) " diagram (Fig. 29) of Debon 
and Le For t (,1 983) , the g r a n i t e samples plot in the metal-
uminous domain excepting two samples one each of coarse 
grained leucograni te and fine grained leucogranite which 
plot in the peraluminous domain. The p l o t s define a cafemic 
(CAFEM) to aluminocaf emic (ALCAF) magmatic associat ion. 
The g ran i tes mainly p lo t in the sec to r s I I I and IV v;hich 
correspond to spec i f ic minera logica l composition. Sector 
I I I respresen ts b i o t i t e alone or a t times a few amphiboles, 
whereas sector IV represen t s the assoc ia t ion of b i o t i t e 
+ amphibole +_ pyroxene. Debon and Le Fort (_1 98 8) concluded 
tha t the t y p i c a l cafemic and aluminous associat ions are 
re la ted to I - type and S-type gran i tes respect ively of 
Chappell and White (1974). The cafemic to aluminocaf emic 
assoc ia t ions CFig. 24} and the ca l c - a lka l i ne to subalkaline 
(Fig. 23) nature ind ica te tha t Bundelkhand gran i tes repre-
sent subduction re la ted magmatism (Debon e t a l , 1987). 
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| A = A l - ( K » N a * 2 C a ) 
A L U M 
ALC AF 
C A F E M 
B = F e + M q * Ti 
METALUMINOUS 
-100- t: 
Pig. 29 "A-B" diagram (Debon and Le Port, 1983). The parame-
ters are in millications. Bach six sectors numbered I to VI 
corresponds to a specific mineralogical composition : I (Ku) 
muscovite>biotite(Bi), II Bi>Mu, III Bi, IV Bi+Amphibole 
, (Am)+pyro3cene, V clinopyroxene + Am + Bi, VI unusual rooks 
(e.g. carbonatites , Debon and He Port,1983). rAagmatic asso-
ciations : ALUM aluminous, ALCAP aluminocaferaic, CAPSM ca-
femic. Symbols as in Pig. 28, 
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Petrogenesis of the Granites : 
The c r y s t a l l i z a t i o n path of a magma i s controlled 
by a number of f ac to r s including temperature, pressure* 
oxygen fugacity e t o . Although exact es t imat ion of these 
var iab les is d i f f i c u l t because of changes imposed by l a t e 
magmatic processes, severa l approaches have been evolved 
to approximate the values and effect of these var iables 
on c r y s t a l l i z a t i o n . 
Normative compositions p lo t ted on the Qz-Ab-Or 
diagram C^ig- 30) show the c l u s t e r of p lo t s away from Or-
apex and defines a gabbro- trondhjemite trend (,Arth et 
a l , 19 78). Majority of samples p lo t between cotect ic 1 
and 4 Kb vapour water pressure (.Tuttle and Bowen, 1958). 
From the Fig. 30, i t i s evident t ha t the Bundelkhand gra-
n i t e s formed a t varying free water vapour pressure . Whitney 
CI 975) has observed t h a t same melt composition could coexit 
with p lag ioc lase , a l k a l i feldspar and quartz in the absence 
of free aqueous vapour phase at higher pressure . Thus, 
i t is poss ible -that Bundelkhand g r a n i t e s , in absence of 
vapour water p ressure , have formed at higher pressures 
or in presence of o ther v o l a t i l e s . Some samples plot well 
below 4 Kb co t ec t i c curve indica t ing tha t the granites 
formed through polybaric f r ac t iona l c r y s t a l l i z a t i o n . 
An attempt has been made to est imate the c rus ta l 
thickness at the time of g ran i te emplacement using Rb-Sr 
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Qz 
Fig. 30 Nomiative Qz,kh and Or plots (cotectic curves for 
the Qz-Ab-Or-HpO system from Tuttle and Bowen,1958). Trends : 
dashed arrow,calc-alkaline; solid arrow, gabbro-trondhjemite 
(Arth et al ,1978). Symbols ; solid triangle, hornblende gra-
nite; solid circle, biotite granite; open circle, coarse gra-
ined leucogranite; cross, fine grained leucogranite. 
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index deviced by Condie (1973). Rb-Sr d i s t r i b u t i o n s of 
the Bundelkhand g ran i t e s (.Fig. 31) suggest a c r u s t a l thick-
ness of > 30 km s imi la r to that in fer red for a number of 
Archean g ran i t e s including Laramie b a t h o l i t h , Louis Lake 
ba tho l i th and Barberton Younger g r a n i t e . 
The p l o t s of Bundelkhand g r a n i t e s exh ib i t a progre-
ssive increase in K-O/Na-O (F ig .32) . The enrichment of 
K_0 in younger v a r i e t i e s suggest t±iat the g ran i t i c magma 
evolved through d i f f e r e n t i a t i o n . 
B e l l i e n i et al (1991) have u t i l i z e d geochemical 
and i so top ic evidence to understand the ro le of c rys ta l 
f r ac t iona t ion , a s s imi l a t ion - f rac t iona l c r y s t a l l i z a t i o n 
(AFC) and c r u s t a l anatexis in the genesis of Rensen plutonic 
complex of ea s t e rn Alps. They have i d e n t i f i e d four trends 
: trend (a) represen t s compsotional changes produced by 
separat ion of 60% so l id assemblage s t a r t i n g from d i o r i t e s 
to give high-Sr t o n a l i t e s ; trend (b) i s t yp i ca l of AFC 
process or mixing between magma and host rock (De Paolo, 
1981); t rend (b'^ r ep re sen t s a p lag ioc lase dominated c rys t a l 
f r ac t iona t ion accompanied by minor i n t e r a c t i o n with c rus ta l 
material and t rend (.c) corresponds to AFC process fran 
d i o r i t e to low-Sr g ranod io r i t e s . On Be l l i en i e t al (,1991) 
diagram (^Fig. 33), the Bundelkhand g ran i t e s define a b+b' 
trend thereby implying that the gran i tes have evolved 
through c r y s t a l f r ac t iona t ion process dominated by plagio-
clase with l i t t l e c r u s t a l i n t e r ac t i on (trend b ' ) and/or 
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> 30 Km 
1000 
Sr (ppm) 
?ig. 31 Rb-Sr index for Bundelkhand granites (Condie,1973). 
1 Louis Lake batholith, 2 Barberton Younger granite, 3 
Laramie batholith. Symbols as in Pig. 30. 
bO 
1.0 2.0 3.0 4.0 
Na20 ('/.) 
^•ig. 32 H o t s of lla^O vs . K.O of the Bundelkhand 
c. c granites. Symbols ; solid triangle, hornblende 
granite: solid circle, biotite granite; open cir-
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ols as in Fig. 32, 
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by AFC process ( t rend b) . 
The paths of Sr and Zr s e t a cons t ra in t on the 
genesis of Hercinian Sardinia-Corsica b a t h o l i t h (Poli et 
a l , 1989). F ig . 34 shows the reported paths for simple 
f r ac t iona l c r y s t a l l i z a t i o n (FC) , simple mixing (M) and 
mixing plus f rac t iona l c r y s t a l l i z a t i o n (AFC) assuming the 
s t a r t i n g magma as gabbro (shown by s t a r ) and the contamina-
t ing magma as monzogranite. On t h i s diagram C^ig. 34), 
the Bundelkhand g ran i t e s plot mainly on the AFC path sugges-
t i ng tha t the main process of evolu t ion of the grani tes 
was a s s imi l a t ion coupled with f r a c t i o n a l c r y s t a l l i z a t i o n 
(.AFC) . 
I t may be concluded t h a t the g r a n i t e evolved through 
polybar ic f r ac t iona l c r y s t a l l i z a t i o n . The high Sr content 
in the hornblende grani te can be a t t r i b u t e d t o the separa-
t i on of hornblende and minor p l ag ioc l a se f ract ionat ion. 
This g r a n i t i c phase may have l a t e r evolved through plagio-
c lase dominated f rac t ional c r y s t a l l i z a t i o n and/or AFC 
process (Figs. 3 3 & 34) towards more s i l i c i c phases to 
produce l eucogran i t e s . 
The petrochemical c h a r a c t e r i s t i c s of the grani tes 
suggest the evolut ion of the massif through fract ional 
c r y s t a l l i z a t i o n and/or ass imi la t ion - f r a c t i o n a l c r y s t a l l i -
za t ion (AFC) processes . However, when the data are plot ted 
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i^g. 34 Sr vs. Zr diagrani (roli et al ,1939). The 
curves coming out from the star (gattro) represent 
paths of : M, simple two end-member mixing: PC,sim-
ple fractional crystallisation; APG, fractional cr-
ystallization plus mizing. Sjrmtiols as in Pig, 32, 
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t r ace elements, i t i s observed t h a t the g ran i tes represent 
a spectrum of pre- , syn- and pos t - c o l l i s i o n tec tonics . 
Since t h i s inference is based mainly on the immobile trace 
elements (^resistant to secondary p rocesses ) , i t may be 
considered as more r e l i a b l e and acceptab le . 
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CHAPTER - V 
TECTONIC SET-UP 
A huge b a t h o l i t h i c body l i k e t h a t of Bundelkhand 
m a s s i f in t h e h e a r t o f p e n i n s u l a r I n d i a i s v e r y s i g n i f i c a n t 
w i t h r e g a r d t o i t s e v o l u t i o n from t e c t o n i c p o i n t of viev/. 
I n t h i s c h a p t e r , an a t t e m p t h a s been made t o e l u c i d a t e 
t h e t e c t o n i c e n v i r o n m e n t of emplaj^ement of t h e g r a n i t e s 
employ ing t h e g e o c h e m i c a l s i g n a t u r e s of b o t h g r a n i t o i d s 
and t h e x e n o l i t h s i n c o r p o r a t e d w i t h i n t h e g r a n i t e s . 
S e v e r a l a t t e m p t s have been made t o d i s c r i m i n a t e 
g r a n i t e s of d i f f e r e n t t e c t o n i c s e t t i n g s . P e a r c e e t a l (1984) 
h a v e e m p e r i c a l l y d rawn t e c t o n i c d i s c r i m i n a t i o n b o u n d a r i e s 
u s i n g some c r i t i c a l t r a c e e l e m e n t s and t h e n c o r r e l a t e d 
them wi th g e o c h e m i c a l m o d e l l i n g t o have a t h e o r e t i c a l 
r e l e v a n c e . Four main g r o u p s h a v e been i d e n t i f i e d by P e a r c e 
e t a l C1984) : Ocean R idge G r a n i t e CORG) - a s s o c i a t e d w i t h 
o p h i o l i t e o r b e l o n g s t o o c e a n i c c r u s t , V o l c a n i c Arc G r a n i t e 
(VAG) - r e s u l t e d from s u b d u c t i o n of o c e a n i c c r u s t . Wi th in 
P l a t e G r a n i t e {\<I'PG')- a n o r o g e n i c g r a n i t e , and C o l l i s i o n 
G r a n i t e (^ COLG) - formed a s a c o n s e q u e n c e of c o l l i s i o n of 
c o n t i n e n t - c o n t i n e n t , a r c - c o n t i n e n t or a r c - a r c . On Y-Nb 
d i ag ram t h e B u n d e l k h a n d g r a n i t e s a r e c o n c e n t r a t e d w i t h i n 
v o l c a n i c a r c g r a n i t e (VAG) + s y n - c o l l i s i o n g r a n i t e ( syn-
COLG) f i e l d ( F i ? - 3 5 a ) . A d i s c r i m i n a t i o n b e t w e e n VAG and 





















Y I p p m ) (a) 
one 
100 
Fig. 35a Hb-Y discriminant diagram(Pearce et al ,1984) 
The dashed line represents upper compositional 
boimdary for ORG, 
Y*Nb(ppm) (b) 
Fields of Fig. 35 : 
Syn-COLG = syn-colli-
sion granite 
VAG = volcanic ,arc 
granite 
WPG = within plate 
granite 
ORG = ocean r idge 
g r a n i t e . 
Symbols of Fig, 35 
as in Fig. 32. 
?i,|, 35b Rb vs, Y + rib discriminant diagram 
(Pearce et al , 1984). 
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syn-COLG f i e l d s have been achieved using Y+Nb vs. Rb plots 
(Fig. 3 5b) where the g ran i tes are concentrated within VAG 
f i e ld . I t i s evident that the gran i tes represent volcanic 
arc tec tonic s e t t i n g . 
Harris e t al (19 86), based on the systematic geo-
chemical study of in te rmedia te and acid i n t ru s ive s , have 
recognised four groups of i n t r u s i o n s , each associated 
with a p a r t i c u l a r t ec ton ic environment : Pre-col l i s ion 
volcanic arc in t rus ions CVA) mostly derived from mantle 
modified by subduction; Syn-co l l i s ion peraluminous in t ru-
sions; Late or po s t - c ol l i si on c a l c - a l k a l i n e intrusions 
and Pos t - co l l i s i on within p l a t e (.WP) i n t r u s i o n s . On the 
Rb-Hf-Ta t r i a n g u l a r p lo t (Fig- 36) of Harr i s et a l 0 986), 
the grani tes and the xenol i ths plot within volcanic arc 
f i e ld . The approximate Hf and Ta concentrat ions have been 
estim ated from Zr and Nb respec t ive ly assuming Zr,/Hf=39 
and Nb/Ta=l6 as recommended by Joron et a l (,1978). Thjfese 
r a t i o s have been used for petrogenesis of bas ic rocks but, 
since the r a t i o s do not vary s i g n i f i c a n t l y in t e r r e s t r i a l 
magma (Wood et a l , 1979), they may be u t i l i z e d for grani t ic 
rocks. Fig. 36a was redrawn using la rger scaling factor 
for Rb (Fig. 36b) so as t o best d i sc r imina te Volcanic Arc 
int rusions and the c o l l i s i o n re la ted i n t r u s i o n s . The plots 
indica te that Bundelkhand g r a n i t e s and the xenol i ths repre-
sent a volcanic arc t e c ton i c s e t t i n g . 
The volcanic arc tec ton ic s e t t i n g of the granites 
Rb/10 
Symbols : solid trian.i;le, 
hornblende granite; solid 
circle, biotite granite? 
open circle, coarse grai-
ned leucogranite; cross, 
fine grained leucogranite, 
open triangle, xenolith. 
T a X 3 
Fie lds : 
VA, vo lcan ic a r c ; 
OF, ocean f l o o r ; 
'.VP, \7ithin p l a t e . 
nb/30 
TaX3 
Fig. 3o Rb-Hf-Ta triangular plot (Harris et al , 193c) 
for Bundelkhand granites. 
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is evident from the ocean r idge g r an i t e normalised geoche-
mical pa t t e rn of the g ran i t e s (.Fig. 37). The patterns 
correspond to those (^Fig.37, inse t ) of a volcanic arc as 
observed by Harr is et a l (^1986). The normalising factor 
chosen i s a hypothet ical ocean r idge g ran i t e (.ORG) consi-
dered to be more re levant than chondr i te values for compa-
r ison of g r a n i t i c rocks (.Harris et a l , 1986). 
On the TiO--Zr diagram of Pearce 0 980) the xenoli ths 
of Bundelkhand grani tes p lo t in the f i e ld of arc- lavas 
(^Fig.3 8 ) . This, coupled with the c a l c - a l k a l i n e nature of 
the xeno l i ths , suggests tha t the xenol i ths v^iich occur 
within the grani tes represen t remnants of a volcanic arc 
produced by subduction of a oceanic l i thosphere pr ior to 
the in t rus ion of the g r a n i t e s . The depth to subduction 
has been estimated to be 5 0 to 1 00 km from the Rb-Sr index 
(^Condie, 1973). Such shallow depth of subduction corre la tes 
with the model v isua l i sed by Hart e t a l (.1 970) for Archean 
magma tism involving higher heat flow and thereby making 
the number of p la tes la rger and s ize smaller. Another 
i -po r t an t consequence of high thermal regime in the Archean 
was manifested in rapid spreading r a t e s and thinning of 
the l i thosphere . 
To understand the nature of magma and the tectonic 
s e t t i ng of the basic xeno l i t h s , the samples have been 
p lo t ted on a number of diagrams (.Fig. 39). These diagrams 
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Pig. 37 Ocean ridge granite (ORG) normalised geochemical 
patterns for the Bundelkhand granites. Inset : ORG nor-
malised geochemical patterns for volcanic arc granites 
(Harris et al , 1936). 
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F i g . 38 TiOp-Zr diagrain ( P e a r c e , 1980) f o r the 
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Fields of ?ig. 39 : 
3, calc-alkaline basalt; 
GAB, island arc calc-al -
kaline basal t . 





(a) cc (c) Ti, Zr, Sr relationships (Pearce and Cann, 
of the basic xenoliths , (b) TiOo-MnO-P^O^ tectonomag-
discriniination diagrani of the basic xenoliths (Mullen, 
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the magma c h a r a c t e r i s a t i o n and tectonic environment of 
basic rocks. The diagrams are mainly based on elements 
which are considered to be immobile during post-magma t i c 
processes; these include Ti , Zr and Sr (Rogers e t a l , 1984). 
I t is evident from Fig. 39 that the basic rocks occuring 
as xenol i ths are c a l c - a l k a l i n e in na ture . 
• The geochemistry of Bundelkhand grani tes reveals 
i t s c a l c - a l k a l i n e nature (.Figs .4,23,26,27 & 28); the p lo t s 
on the AFM diagram (Fig.2 6) c lose ly co r r e l a t e with the 
trend of S ie r ra Nevada b a t h o l i t h which is inferred to be 
subduction re l a t ed con t inen ta l margin magmatism (Rogers 
and Greenberg, 1981). The older basic rocks (^xenoliths) 
are a lso c a l c - a l k a l i n e in nature (Figs.26,27 & 39^. The 
g ran i t e s are metaluminous to s l i gh t l y peraluminous (Figs. 
24 & 29) and show I- type c h a r a c t e r i s t i c s (Fig. 25). They 
plot in the volcanic a rc g ran i t e f i e ld (.Fig. 35) of Pearce 
e t al (1984) and are r e s t r i c t e d in the volcanic arc f ie ld 
(Fig.36) of Harris et a l (1986). The multi-element geochemi-
cal pa t t e rn (Fig. 3 7) corresponds to tha t of Antarct ic 
Peninsular b a t h o l i t h , Tuolumne ba tho l i th and Sierra Nevada 
b a t h o l i t h ; a l l of them have been inferred to be volcanic 
arc g ran i tes formed at the act ive cont inenta l margin by 
subduction of oceanic l i t hosphere (Pearce et a l , 1984). 
The geochemical c h a r a c t e r i s t i c s and the p lo t s on 
the various tec tonic discr iminant diagrams suggest that 
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a volcacnic arc was formed as a r e s u l t of subduction of 
the e rs twhi le oceanic c rus t . The proximity of Son-Narmada 
lineament may have some important bearing on the tectonic 
evolut ion of the Bundelkhand b a t h o l i t h . I t i s proposed 
tha t a small ocean exis ted between the southernand northern 
peninsular I n d i a . The northward d r i f t of the southern block 
may have i n i t i a t e d subduction of the ocean under northern 
peninsular India . This led to the formation of volcanic 
arc which l a t e r remobilised and p a r t i a l l y melted to give 
r i s e t o the mafic v a r i e t i e s of the g r a n i t e s . The leucogra-
n i t e s may have formed due to p a r t i a l melt ing of the lower 
c ru s t . This inference is based on the presence of xenoli ths 
which are c a l c - a l k a l i n e in nature and show volcanic arc 
c h a r a c t e r i s t i c s . The absence of volcanic arc can be expla-
ined in e i t h e r of the ways or a combination of the fo l lo -
wing: (_i) the volcanic arc was p a r t i a l l y remelted to give 
r i s e to the g r a n i t e s (_ii) the volcanic arc may not have 
been developed extensively , s ince i t s developnent depends 
on the extent t o which the ocean is consumed through sub-
duction (.iii) the volcanic arc may be concealed under 
the Deccan volcanics which in a l l p r o b a b i l i t y had covered 
much of the Bundelkhand massif. This inference is based 
on the discovery of Malwa (_Deccan) Trap near Sala on the 
northern margin of the massif (^Srivastava and Saha, 1975;. 
The apparent absence of volcanic arc magmatism in the Alps 
and the Hercinides has been explained by l imited subduction 
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of oceanic p l a t e or c losure of very small ocean (Harris 
e t a l , 1986). 
The in te rp lay of Son-Narmada lineament becomes 
apparent from the Bouger Anomaly Map of India (NGRI, Hyde-
rabad, GPH/5,1975) which shows a s teep gravi ty gradient 
near the southern contact of the massif with the Bijawars 
and the Vindhyans. The s teep grav i ty gradient is believed 
to be due t o sympathetic development to r i f t i n g along the 
Son- Narmada lineament (Basu, 1986^. 
I t i s concluded t h a t the Bundelkhand massif repre-
sents a t y p i c a l con t inen ta l margin magmatism related to 
subduction of an oceanic p l a t e . The massif represents a 
volcanic arc magmatism caused by subduction of a fa i r ly 
small ocean between the southern and northern peninsular 
India. The southern block was welded t o the northern one 
to assume the present pos i t ion of the Indian p la te . The 
Son-Narmada lineament, thus probably represents a paleo-

















Pig. 40 Plate Tectonic cartoon to show evol-
ution of Bundelkhand massif (a) development 
of volcanic arc (b) development of Bundelkh-
and massif. 
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SUMMARY AND CONCLUSION 
The Bunde lkhand m a s s i f , c o m p r i s i n g dominan t ly of 
a c i d magmat ic r o c k s , i s bounded by s t r u c t u r a l e l e m e n t s 
l i k e Son-Narmada l i n e a m e n t i n t h e s o u t h , t h e Grea t Boundary 
F a u l t i n t h e wes t and t h e n o r m a l f a u l t s of t h e I n d o - G a n g e t i c 
t r o u g h i n t h e n o r t h . The m a s s i f c o n s i s t s ma in ly of g r a n i t i c 
r o c k s which a r e t r a v e r s e d , by q u a r t z v e i n s and b a s i c d y k e s . 
Four g e n e t i c a l l y d i f f e r e n t t y p e s of g r a n i t e were 
d e c i p h e r e d i n and a round j a k h a u r a . The g r a n i t o i d s e x h i b i t 
an e x t e n d e d c o m p o s i t i o n a l s p e c t r u m r a n g i n g fron q u a r t z 
d i o t i t e , q u a r t z m o n z o n i t e t h r o u g h g r a n o d i o r i t e , g r a n i t e , 
a d a m e l l i t e t o a l k a l i - f e l d s p a r g r a n i t e ( F i g . 4 ) . The g r a n i t e s 
a r e composed e s s e n t i a l l y of q u a r t z , p l a g i o c l a s e , K - f e l d -
s p a r s and b i o t i t e . Hornb l ende i s p r e s e n t o n l y in t h e two 
o l d e r v a r i e t i e s of g r a n i t e and i s c o n s p i c u o u s l y a b s e n t 
i n t h e y o u n g e r l e u c o g r a n i t e s . A p a t i t e , z i r c o n , sphene and 
m a g n e t i t e a r e t h e common a c c e s s o r y p h a s e s . 
The ma jo r and t r a c e e l e m e n t g e o c h e m i s t r y s u g g e s t s 
an a s s i m i l a t i o n - f r a c t i o n a l c r y s t a l l i z a t i o n (AFC) mechanism 
f o r t h e g e o c h e m i c a l e v o l u t i o n of t h e g r a n i t e s CFigs. 33 
& 3 4 ) . The g r a a i t o i d s , r e v e a l c a l c - a l k a l i n e a f f i n i t y 
( F i g s . 4 , 2 3 , 2 6 , 2 7 & 28) and c l o s e l y c o r r e s p o n d t o c a l c - a l k a -
l i n e b a t h o l i t h s i n c l u d i n g S i e r r a Nevada b a t h o l i t h which 
h a s been i n f e r r e d t o be s u b d u c t i o n r e l a t e d . The x e n o l i t h s 
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which occur as enclaves within g ran i t e s a lso exhibi t a 
c a l c - a l k a l i n e nature (Figs. 26,27 & 39). The g ran i t e s reveal 
an I- type a f f i n i t y (Fig. 2 5) and are meta luminous to s l igh t ly 
peraluminous in composition (^Figs. 24 & 29). 
The g r a n i t e s as well as t he i r xeno l i ths are r e s t r i c -
ted in volcanic arc f i e lds in d i f f e r en t t ec ton ic d iscr imi-
nant diagrams (.Figs. 35 & 36) . The mult i -element spidergram 
(Fig. 37) a l so reveals a volcanic arc geotec tonic environ-
ment for the emplacement of the g r a n i t o i d s . 
I t is concluded t h a t the Bundelkhand massif repre -
sents a subduction re la ted magmatism. An oceanic crust 
may have subducted beneath the present northern peninsular 
con t inen ta l c rus t of India along the Son-Narmada lineament. 
As a consequence, a volcanic arc was formed which l a t e r 
remobilised to give r i s e to Bundelkhand g r a n i t e s . The 
apparent absence of the volcanic arc may be a t t r ibu ted 
to e i t h e r c losure of a very small ocean thereby giving 
r i s e to a small volcanic arc or the t o t a l re mobilisation 
of the volcanic arc to produce g r a n i t i c melt; the remnants 
of the volcanic arc occur as xeno l i ths in the g ran i t i c 
massif. 
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